Localization of the phosphatidylserine-binding site of glyceraldehyde-3-phosphate dehydrogenase responsible for membrane fusion.
In this study, we demonstrated that glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a phosphatidylserine (PS)-binding protein and localized the putative PS-binding site involved in the membrane fusion induced by this enzyme. In an attempt to identify the PS-binding proteins, we raised polyclonal antibodies against a 15-amino-acid synthetic peptide (amino acid residues 390-403 of phosphatidylserine decarboxylase), which was shown to bind specifically to PS. One polyclonal antibody, designated aPSD-2, crossreacted with GAPDH, and its binding to GAPDH was inhibited by PS but not by other phospholipids such as phosphatidylethanolamine and phosphatidylinositol. Kinetic analysis of GAPDH binding to phospholipid membranes by measuring surface plasmon resonance showed that GAPDH associated with the phospholipid membrane containing PS rapidly (k[on] =2.8 X 10(4) M(-1) X s[-1]) and dissociated extremely slowly (k[off]=5.9 X 10(-5) s[-1]), giving a low dissociation constant (KD=2.6nM). GAPDH bound less effectively to membranes without PS with a dissociation constants of 0.2 microM. GAPDH-induced vesicle fusion was also inhibited by aPSD-2, suggesting that this antibody recognizes the putative PS-binding site on GAPDH involved in the enzyme-induced membrane fusion. Chemical fragmentation of GAPDH with cyanogen bromide followed by separation and sequence analysis of the reactive peptide resulted in the identification of a single reactive peptide with the sequence of amino acid residues 45-103 of GAPDH. Analysis of aPSD-2 binding to synthetic peptides derived from the corresponding region localized the antibody-binding site to amino acid residues 70-94 of GAPDH. Both the 25-amino-acid synthetic peptide (amino acid residues 70-94 of GAPDH) and polyclonal antibody raised against this peptide inhibited GAPDH-induced membrane fusion, suggesting that these amino acid residues play a crucial role in this membrane fusion process.